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On March 19th, 1919, I read a Paper entitled " Dis-
tribution of Heat, Light, and Motive Power by Gas
and Electricity " at the Royal Society of Arts.

In conjunction with Professor Arthur Smithells,
C.M.G., F.R.S., and Professor J. W. Cobb, C.B.E.,
B.Sc, I prepared a Report addressed to the President
of the Institution of Gas Engineers who then was Mr.
Samuel Glover. The Report was entitled " On the
Coal-Gas and Electrical Supply Industries of the
Ur ed Kingdom." This Report was communicated
LO the President of the Institution of Gas Engineers
on April 14th, 1919, and published immediately there-
after.

As a good deal of somewhat irregular discussion
dealing with these two documents has appeared in
the electrical Press, in a note to the Gas Journal dated
February 10th, 1920, I stated : " It would give me
great pleasure to discuss my Royal Society of Arts
Paper and the Report by Professors Smithells, Cobb
and myself at the Institution of Electrical Engineers,
where I could meet competent electricians in a friendly
debate. The question of the future efficiency, both
for gas and electricity, could then be debated in a fair
and honourable way."

In response to my request your distinguished Presi-
dent, Mr. Roger T. Smith, invited me to meet Mr.
Wordingham and himself in order to decide upon the
feasibility of such a meeting. Your President, I am
pleased to say, agreed with me as to the desirability
of a debate with the Institution of Electrical Engineers.

I have great pleasure in opening that debate, as
arranged, with a short statement of the matters raised
in these documents as to the relative efficiencies of gas
and electricity.

Both Paper and Report discuss fully the thermal
efficiencies of generation and distribution of gas and
electricity, and also the thermal efficiencies of use of
gas and electricity by various appliances when dis-
tributed .
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The general conclusions arrived at by Professors
Smithells and Cobb and myself as to generation and
distribution are summarized under the heading " General
Conclusions," Section 49 of the Report (see page 3
herewith). Both the present efficiencies and the future
efficiencies for generation and distribution of Gas and
Electricity are dealt with under nine heads.

In the body of the Report details are given of the
efficiency of use for the production of light, for domestic
heating, for industrial heating, and for the production
of motive power. This side is also treated of in the
Paper.

In order to show in a condensed form the relative
thermal efficiencies of gas and electricity in generation,
distribution and use for heat, power, and light, I pre-
pared the Table annexed (see page 2) which deals
with the values for the present average results for gas
and electricity in the United Kingdom. The Table
shows clearly the various steps, and in these steps it
will be noticed that the average efficiency of use for
gas and electricity, that is, the proportion of the energy
of the gas or electricity delivered converted into useful
work, is 42 per cent for gas and 59 per cent for electricity.
The final results show that for heat production:

Utilized heat units by gas 18-3 = 4 (approx.)

= 1-6

Utilized heat units by electricity 4 • 5

for power :

Utilized heat units by gas 10-9

Utilized heat units by electricity ~ 6 • 8

and for light:

Candle-power hours produced by gas 203
Candle-power hours produced by electricity 241
These are the ultimate relative efficiencies.

From this it will be seen th'at the ultimate efficiency
of gas for heating is very much greater than that of
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TABLE.

THERMAL EFFICIENCY OF PRODUCTION, DISTRIBUTION, AND USE OF GAS AND ELECTRICITY FOR YEAR 1918.
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electricity ; for producing motive power the efficiency
is considerably greater by gas than by electricity;
and for producing light there is a small advantage in
favour of electricity.

The values for the future gas production and use
are fully discussed in the Paper and the Report.

The general conclusions of Paper and Report are
that an electric service of heat, light, and motive power

in the proportion at present supplied by gas would
increase the fuel consumption of the country for the
same supply to over i\ times that required by the
gasworks.

Comparing in the same way the efficiencies likely
to be obtained in the future it is found that gas will
still have a large advantage in a general system dis-
tributing heat, power and light.

EXTRACT FROM THE REPORT ON THE COAL-GAS AND ELECTRICAL SUPPLY
INDUSTRIES OF THE UNITED KINGDOM, TO THE PRESIDENT OF THE
INSTITUTION OF GAS ENGINEERS.

GENERAL CONCLUSIONS.

49. (1) At present the gasworks of the United
Kingdom carbonize 20 million tons of coal per annum,
producing towns gas, coke, tar and other by-products,
with a thermal efficiency of from 70 to 80 per cent.
Even regarding gas as the only useful product and
after allowing for transmission and all other losses, the
consumer receives as inflammable gas at least 45 per
cent of the heat value of the coal which has been used
at the gasworks to produce and distribute it.

Out of every ioo heat units in the coal used at the
gasworks, 55 are reckoned as lost in the process of
gas-making and distribution and 45 are available for
the use of the consumer.

(2) At present, the electricity generating stations of
the United Kingdom, including electric railways,
deliver 7-6 per cent of the heat of combustion to the
consumer. The boiler loss, turbine loss, thermodynamic
conversion of heat into work and transmission loss
account for over 92 • o per cent of the total heat.

Out of every 100 heat units produced by combustion
in the central station boiler furnaces, 92 are lost as
above described and only 7-6 are available for the
purposes of the consumer.

(3) Gas thus distributes 45 units of heat out of 100
at the gasworks, instead of y-6 units of heat out of 100
consumed at the central station to produce electricity.

(4) At present the best existing electricity generating
undertaking in the United Kingdom delivers 12 per
cent to the consumer and loses 88-o per cent.

Electricians promise for the future super-stations a
delivery of 17-6 per cent. Here the loss is 82-4 per
cent.

(5) At present the best existing gas practice in the
United Kingdom delivers about 53 per cent of the

heat in the coal used at the gasworks to produce it
and only loses 47 per cent in the work of generation
and distribution to the consumer.

In the early future, all gasworks could distribute
as gas to the consumer one-half of the whole heat of
the coal carbonized, leaving-33^ per cent of the whole
heat in the unused coke and tar, thus realizing the high
thermal efficiency of 75 per cent in the gasification
process.

(6) Thus, in the future, gas might be expected to
deliver 75 heat units out of every 100 as compared ivith
the iy-6 to be delivered by the prospective electricity
super-station.

(7) Except where temperatures above 1,700° C. are
required, electricity, even in the .future, is extremely
wasteful of fuel, when applied to supply heat. Gas is
many times superior in the great mass of heating
operations.

(8) For lighting and power production, electricity
in the future promises results which compare more
favourably with gas, but even here the higher efficiency
of the gas engine as compared with the steam engine,
the future economies in sight in the production of
gas, and its use with incandescent mantles render any
monopoly claims of the electrical industries quite
unjustifiable.

(9) Electricity is an efficient and convenient means
of transmitting power and producing light. It is indis-
pensable for electric railways, for transmitting power
within works. It is required for many high temperature
electro-chemical processes and for all electrolytic
processes, so that it fills an increasingly important
field.

It is an error, however, to suppose that electricity
can economically displace gas for heat, light and power.

DISCUSSION BEFORE THE INSTITUTION, 16 JUNE, 1920.

The President (Mr. R. T. Smith) : I am very glad
that this Institution has an opportunity of welcoming
Sir Dugald Clerk, Professor J. W. Cobb and Professor
Arthur Smithells, all of whom have been associated

in the Report to the Institution of Gas Engineers, and
Sir Dugald Clerk also read a paper before the Royal
Society of Arts last March. Certain rather acrimonious
criticisms of Sir Dugald's paper have appeared in the


